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(57) ABSTRACT 
A sampling valve having a stem which reciprocates 
between a liquid filled chamber and a vaporizing cham 
ber is provided with a stem seal comprised by a thermo 
plastic bushing fitted to the valve stem with an interfer 
ence fit. The bushing is encircled by a compression band 
exerting a radial compressive force and is mounted in 
the valve body with end clearance to avoid axial com 
pression. 

2 Claims, 4 Drawing Figures 
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1. 

SEAL FOR LIQUID INJECTION VALVE FOR GAS 
CHROMATOGRAPHY 

The present invention relates to liquid sampling 
valves for use with analytical apparatus. More particu 
larly, it relates to improved sealing means for a liquid 
sampling valve stem which affords increased service life 
for the stem seal and increased accuracy of the volume 
of sample delivered by the valve to the analytical appa 
ratuS. 
A gas chromatograph is a commonly used analyzer in 

chemical process controls. When the product stream is 
a liquid, means are required for extracting a sample of 
known volume from the stream, for rapidly vaporizing 
the sample and for injecting it into the separation col 
umn of the chromatograph. For this purpose, a liquid 
sampling valve has been developed which comprises a 
valve stem having a sample-carrying recess formed 
therein. The valve stem is caused to reciprocate be 
tween a valve chamber through which a portion of the 
product stream flows and a vaporizing chamber where 
the sample, trapped within the valve stem recess, is 
rapidly vaporized. The vaporized sample is swept into 
the separating column of the chromatograph by a car 
rier gas flowing through the vaporizer. 
Conventionally, the valve stem is sealed in the valve 

body by cylindrical thermoplastic bushings positioned 
in the valve body at the points of entry of the valve stem 
into the liquid sample chamber. The seals operate under 
severe conditions of temperatures and pressure, causing 
distortion of the seals and necessitating frequent re 
moval of the valves from service for replacement of the 
seals to prevent leakage and delivery of erroneously 
sized volumes to the analyzer. 

It is an object of the present invention to provide 
sealing means for a reciprocating valve stem in a liquid 
sampling valve which will maintain dimensional stabil 
ity in a relatively high temperature, high pressure oper 
ating environment whereby accurate sample volumes 
will be delivered by the valve during a substantially 
lengthened service life. 

It is another object of the invention to provide sealing 
means for a reciprocating valve stem in a liquid sam 
pling valve which requires less frequency replacement 
and which may be more readily serviced than the seal 
ing means heretofore used in such valves. 

Briefly, in accordance with the invention, the prior 
cylindrical bushing seal which was fitted to the valve 
stem with an interference fit and mounted in the valve 
body under an axial compression load is replaced by a 
cylindrical bushing banded by a spring collar to main 
tain the bushing under a uniform radial compression 
load through substantially the entire axial length of the 
bushing. The banded bushing is comparatively loosely 
mounted in the valve body with O-ring seals to prevent 
leakage from around the outer circumference of the 
banded bushing and to allow a certain amount of axial 
and radial play of the sealing means in the valve body, 
thereby reducing problems of obtaining and maintain 
ing proper alignment between the valve stem and seal 
ing means during assembly and operation. 

In the drawings: 
FIG. 1 is a pseudo-sectional view of a liquid sampling 

valve containing the stem sealing means of the prior art; 
FIG. 2 is a sectional view taken along the line 2-2 of 

FIG. 1; 
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2 
FIG. 3 is an enlarged sectional view of the improved 

sealing means of the invention; and 
FIG. 4 is a perspective view of the bushing-collar 

assembly of the invention. 
FIG. 1 shows a liquid sampling valve of the prior art 

used to furnish accurately measured volumes of a liquid 
sample to a gas chromatograph analyzer. The major 
elements of the valve comprise a valve body 10, a va 
porizer 12 and a pneumatic actuator 14. A valve stem 
16, having a sample-carrying recess 18 formed therein, 
is reciprocated by the actuator 14 between the retracted 
position shown and a forward position wherein recess 
18 and the liquid trapped therein is carried into the 
evaporating chamber 19 of vaporizer 12. Chamber 19 is 
maintained at high temperature by an electrical heater 
20 so as to cause the liquid sample carried therein to 
flash rapidly into vapor. The sample vapors are swept, 
preferably as a "plug' of undiluted vapor, from cham 
ber 19 to the inlet of the analyzer separating column by 
an inert carrier gas which enters the evaporating cham 
ber through tube 21. The analyzer separating column 
(not shown) is connected to chamber 19 at fitting 22. 

Liquid to be sampled flows under pressure through 
chamber 23, entering at port 24 and exiting through 
vent 25. Chamber 23 is thus maintained filled with pres 
surized liquid at all times. 
Also referring to FIG. 2, valve body 10 is coupled to 

vaporizer 12 through a thermal isolator 25 formed with 
heat dissipating fins 26. A pair of diagonally positioned 
cap screws 27 recessed in isolator 25 secure vaporizer 
12 to isolator 25 by engagement with a flanged collar 28 
which bears on a base shoulder of chamber 19. Valve 
body 10 is secured to isolator 25 by four cap screws 29 
recessed in the body and spaced to clear screws 27. 
Actuator 14 comprises a base 31 with a cylinder 32 

threaded thereon. A piston 33 secured to valve stem 16 
operates in cylinder 32 under the action of compressed 
air admitted through ports 34 or 35, depending on the 
desired direction of motion of the piston. Actuator 14 is 
secured to valve body 10 by four circumferentially 
spaced cap screws 36 recessed on base 31. 
Valve stem 16 is sealed in valve body 10 by cylindri 

cal bushings 38 and 39 formed of a thermoplastic mate 
rial such as polytetrafluoroethylene (teflon). Bushing 38 
is retained between dish-like seats 41 and 42, respec 
tively, formed in the base of evaporating chamber 19 
and in valve body 10. The facing edges of the lips of 
seats 41 and 42 are spaced apart so that when valve 
body 10, thermal isolator 25 and vaporizer 12 are assem 
bled, bushing 38 will be axially compressed. Bushing 39 
fits within a bore 43 in valve body 10. An upstanding lip 
44 on actuator base 31 fits within bore 43 and bears on 
bushing 39 so as to compress the bushing axially when 
actuator 14 is assembled to valve body 10. Valve stem 
16 is sealed in base 31 by a packing gland 45. A counter 
bore 46 in cylinder base 31 adjacent bushing 39, vented 
to the outside of the actuator through opening 47, per 
mits escape of any liquid leaking past bushing 39 to 
prevent seepage of liquid into the actuator. 
As will be apparent from the construction of the 

valve, delivery of accurately sized sample volumes 
from the chamber 23 to the vaporizer 19 is dependent 
upon close conformity of the interior bore of bushing 38 
to the surface at the major diameter of valve stem 16 
throughout the length of travel of the valve stem 
through the bushing. A separation between the bushing 
inner surface and the valve stem surface creates a void 
into which some of the liquid retained by recess 18 will 
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spill with the result that the intended volume of sample 
will not be delivered by the valve to the vaporizer. In 
practice, it has been found that the tendency of the 
thermoplastic bushing material to creep under high 
temperature and pressure causes dimensional changes 
requiring replacement of such prior art bushings even 
before any leakage of liquid is observed. 
The improved valve stem seal of the invention is 

shown in FIG. 3 which is an enlarged partial sectional 
view of the valve stem seal area. Bushing 38 is replaced 
by a bushing 50 of similar thermoplastic material also 
fitted to valve stem 16 with an interference fit. The 
length of bushing 50 is shortened from that of bushing 
39 so that when valve body 10, thermal isolator 25 and 
vaporizer 12 are assembled an end clearance exists be 
tween bushing 50 and seats 41 and 42. As best seen in 
FIG. 4, bushing 50 is banded along substantially the 
entire length by a split collar 51. Collar 51 is fashioned 
from a complete ring having an inside diameter smaller 
than the outside diameter of bushing 50. The collar is 
split at 52 and expanded to permit insertion of bushing 
50. After assembly of collar and bushing, the spring 
force of the collar maintains the bushing under uniform 
radial compression substantially through its entire 
length. The outside dimension of collar 51 is sized so 
that after assembly with bushing 50 the assembly will fit 
into seats 41 and 42 with a slight clearance. O-rings 52, 
53 installed over the ends of bushing 50 protruding 
beyond collar 51, prevent leakage of liquid from cham 
ber 23 along the outside of collar 51 into chamber 19. 

Rear bushing 39 of FIG. 1 is replaced by a seal com 
prising a bushing 56 of thermoplastic, split collar 57 and 
O-rings 58, 59. Similarly to bushing 50, the bore of 
bushing 56 is sized for an interference fit with valve 
stem 16. Collar 57, like collar 51, is split and is dimen 
sioned to exert uniform radial compression upon bush 
ing 56 substantially along its entire length. The outside 
dimension of collar 57 and the length of bushing 56 are 
chosen so that the bushing and collar assembly fits 
within bore 43 with slight side and end clearances. O 
rings 58 and 59 prevent leakage of liquid from chamber 
23 along the outside of collar 57. 
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The invention claimed is: 
1. In a liquid sampling valve for use with a gas chro 

matograph analyzer, said valve including a valve body, 
a chamber within said valve body for containing a liq 
uid to be sampled, a heated vaporizing chamber adja 
cent said valve body, a valve stem having a sample-car 
rying recess therein and means for reciprocating said 
valve stem between a position wherein said valve stem 
recess is located in said valve body chamber for immer 
sion in the liquid contained therein and a position 
wherein said valve stem recess is located in said vapor 
izing chamber, a liquid sample of specific volume being 
transported from said valve body chamber to said va 
porizing chamber by said reciprocation, 
improved valve stem sealing means for preventing 

leakage of liquid from said valve body chamber 
without loss of liquid sample volume during recip 
rocation of said valve stem, comprising, 

a cylindrical bushing of thermoplastic material hav 
ing a central bore for receiving said valve stem, 
said central bore being sized to provide an interfer 
ence fit between said bushing and said valve stem; 

a split circular collar of resilient metal, said collar 
having an inside diameter smaller than the outside 
diameter of said bushing when fabricated, said 
collar encircling said bushing substantially along 
the entire length of said bushing and maintaining 
said bushing under uniform radial compression 
substantially along the entire length thereof; 

means for mounting said bushing and collar in a posi 
tion separating said valve liquid chamber and said 
vaporizing chamber to permit reciprocating no 
tion of said valve stem between said liquid chamber 
and said vaporizing chamber, said mounting means 
being dimensioned to provide end and side clear 
ance space for said bushing and said collar; and 

sealing means at the opposite ends of said bushing 
respectively abutting said valve body and said va 
porizing chamber. 

2. The improved seal of claim 1 wherein said bushing 
end sealing means comprises a pair of O-rings, one each 
being positioned at each end of Said bushing. 

: & k ck 


